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(54) PLASMA TREATMENT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma 
treatment device capable of generating stable plasma 
ranging from high pressure to low pressure by forming an 
optimum resonance area on a top plate in compliance 
with plasma conditions. 

SOLUTION: It is possible to resonate at some area at 
any plasma condition by arranging an antenna 3 arranged 
at an opening at an upper part of a chamber 1 , driven by 
a microwave to generate a electromagnetic field, and 
arranging the top plate 4 blocking the opening of the 
chamber 1 under the antenna 3, and forming a ring- 
shaped protruded part 41 at the lower face side of the 
top plate 4 with its thickness in a radial direction 
continuously changing in a tapered state. By this, an 
effect equivalent to the preparation of top plates with 
various thicknesses can be obtained by preparing only 
one kind of the top plate, the absorption efficiency of 
plasma can be sharply improved, and the generation of 
stable plasma ranging from high pressure to low pressure 
becomes possible. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

The plasma generating room which contains a processed substrate and generates the plasma, 
The antenna which is arranged at opening of the upper part of said plasma generating room, 
drives by microwave, and generates electromagnetic field, 

The top plate which is formed in the lower part of said antenna, has uniform predetermined 
thickness in the direction of a field, and closes opening of said plasma generating room, 
Plasma treatment equipment equipped with taper-like the heights or the crevice formed in the 
underside side of said top plate. 
[Claim 2] 

Said top plate contains a thick thin part and a thick part by said heights or crevice, 

The thickness of said thick thin part is plasma treatment equipment according to claim 1 chosen 

as ** lambda/8 lambda/4. 

[Claim 3] 

Said heights or crevice is plasma treatment equipment containing the protruding line formed in 
the underside of said top plate in the shape of a ring according to claim 1 or 2. 
[Claim 4] 

Said top plate is disc-like, 

Said protruding line is plasma treatment equipment according to claim 3 by which two or more 
formation is carried out in the direction of a path in the said alignment with the core of said top 
plate. 
[Claim 5] 

Said protruding line is plasma treatment equipment according to claim 3 or 4 with which the 
direction thickness of a path by the side of said top plate is formed more thickly than the 
direction thickness of a path by the side of a head. 
[Claim 6] 

Said heights or crevice is plasma treatment equipment given in either including the projection of 
the shape of **** formed in the underside of said top plate of claims 1-3. 
[Claim 7] 

Said conic projection is plasma treatment equipment according to claim 6 formed in the main 
underside of said top plate. 
[Claim 8] 

It is plasma treatment equipment according to claim 6 with which two or more said conic 
projections are prepared, and said two or more conic projections are arranged in the shape of a 
ring. 

[Claim 9] 

Said heights or crevice is plasma treatment equipment containing the 1st downward protruding 
line formed between the crevice of two or more shape of said ring, and said two or more ring-like 
crevices, and the 2nd downward protruding line formed in the outside of the ring-like crevice of 
the outermost periphery according to claim 8. 
[Claim 10] 
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The thickness of said 2nd heights is plasma treatment equipment according to claim 9 thickly 
formed compared with the thickness of said 1 st heights. 
[Claim 11] 

Plasma treatment equipment given in either of claims 1-10 by which the crevice is formed in the 
core by the side of the antenna of said top plate, and different matter from the dielectric 
constant of said top plate is arranged in said crevice. 
[Claim 12] 

The depth of the crevice of said top plate is plasma treatment equipment according to claim 1 1 
formed in the lambda/8 or more depth. 
[Claim 13] 

The depth of the crevice of said top plate is plasma treatment equipment according to claim 1 1 
formed in the lambda/4 or more depth. 
[Claim 14] 

The thickness of a top plate [ in / said heights are formed in the core by the side of said 
processed substrate of said top plate, and / the circumference of said heights ] is plasma 
treatment equipment given in either of claims 1-13 which is ** lambda/8 lambda/4. 
[Claim 1 5] 

Said processed substrate is disc-like, 

Said heights or crevice is plasma treatment equipment given in either of claims 1-14 which is 
formed outside [ at least one ] the radius R from the core of said top plate when the radius of 
said processed substrate is set to R. 
[Claim 16] 

Said heights or crevice is plasma treatment equipment given in either of claims 1-15 which is 
formed inside [ at least one ] the radius D from the core of said top plate when distance of said 
top plate and said processed substrate is set to D. 
[Claim 1 7] 

Said antenna contains the slot plate with which the slot was formed by being distributed on the 
field, 

Plasma treatment equipment given in either of claims 1-3 by which said heights or crevice is 
formed in said top plate corresponding to the location of the slot on said slot plate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Especially this invention relates to the plasma treatment equipment which generates the plasma 
in a chamber by emitting the microwave supplied to the antenna about plasma treatment 
equipment through the top plate which consists of a dielectric which closes opening in a 
chamber. 

[Background of the Invention] 
[0002] 

In recent years, with the densification of a semiconductor device, and detailed-izing, in the 
production process of a semiconductor device, in order to process membrane formation, etching, 
ashing, etc., plasma treatment equipment is used. With the microwave plasma treatment 
equipment made to generate the plasma especially using microwave, he can feel easy also under 
the about 0.1-10Pa conditions that a pressure is comparatively low (high vacuum), and can 
generate the plasma. Therefore, the microwave plasma treatment equipment using microwave 
with a frequency of 2.45GHz attracts attention, for example. 
[0003] 

Drawing 1 1 is the sectional view showing an example of such conventional plasma treatment 
equipment. Plasma treatment equipment is equipped with the chamber 1 for holding a substrate 
1 1 and performing predetermined processing to a substrate 11, RF generator 5 for generating 
microwave, and the antenna section 3 for emitting microwave in a chamber 1 in drawing 1 1 . 
[0004] 

The antenna section 3 has slot plate 3c, slow wave plate 3b, and antenna covering 3a, and is 
constituted. Two or more slots (opening) for turning and emitting microwave in a chamber 1 are 
formed in slot plate 3c. The microwave generated by RF generator 5 is sent to the antenna 
section 3 by the waveguide 6. The top plate 4 which constitutes some septa of a chamber 1 is 
arranged in the upper part of a chamber 1, and the seal members 14, such as an O ring, are 
formed between the top plate 4 and the septum of a chamber 1 . The antenna section 3 is 
arranged above this top plate 4. 
[0005] 

In the chamber 1, the susceptor 7 for holding the contained substrate 11 is formed. Furthermore, 
the vacuum pump 9 for exhausting the inside of a chamber 1 is connected to the chamber 1 . The 
inside of a chamber 1 is exhausted by this vacuum pump 9, and for example, argon gas is 
introduced in a chamber 1 as gas for generating the plasma under a predetermined pressure 
range. 
[0006] 

With above-mentioned plasma equipment, the microwave generated by RF generator 5 reaches 
propagation and the antenna section 3 in a waveguide 6. The microwave which reached the 
antenna section 3 spreads slow wave plate 3b, and is radiated on a top plate 4 through slot plate 
3c. In a top plate 4, microwave produces an oscillation in the direction of a field, is spread 
towards a periphery from a core, and generates electromagnetic field in a chamber 1. Of the 
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electromagnetic field generated in the chamber 1. argon gas dissociates, the plasma production 
field 22 is formed between a substrate 11 and a top plate 4, and predetermined plasma treatment 
is performed to a substrate 11. 
[0007] 

In such plasma treatment equipment it is necessary to irradiate [ a substrate 1 1 ] the plasma at 
homogeneity. However, by the core and periphery of a top plate 4, since plasma reinforcement 
differs, by forming a top plate 4 in a concave surface configuration, and making distance with the 
periphery of a substrate 11 and a top plate 4 approach in JP.2002-299240.A. lowering of the 
plasma consistency in the periphery of a substrate 1 1 is compensated, the plasma is maintained 
also in low voltage processing, and making stable plasma treatment possible is indicated. 
C0008] 

Moreover, forming a ring-like sleeve in JP.2003-59919.A so that a plasma excitation field may 

not contact a dielectric window with the surface of metal of a direct-processing vessel wall, and 

obtaining a uniform plasma consistency on a substrate front face is indicated. 

[Patent reference 1] JP.2002-299240.A 

[Patent reference 2] JP.2003-59919.A 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0009] 

Plasma equipment requires a certain amount of [ in the direction of a field ] thickness as a top 
plate 4, in order to oppose the force which secures reinforcement in the chamber 1 by which the 
interior is decompressed, and the open air pushes. A resonance field is formed in a dielectric of 
microwave, strong electric field occur, a standing wave is formed [ a top plate 4 is constituted by 
the dielectric, ], electromagnetic field are produced in a chamber 1 by this standing wave, and a 
plasma consistency becomes high. There is thickness of the dielectric suitable for making a 
standing wave. 
[0010] 

Drawing 1 2 is drawing showing the field strength distribution depending on the thickness of a top 
plate. Drawing 12 (a) is a part to which the part which shows field strength distribution in case 
the thickness of the direction of a field of a top plate 4 is 22.8mm, and is shown with a main 
slash is strong [ field strength ]. Drawing 1 2 (b) shows the field strength distribution when setting 
thickness of a top plate 4 to 27.8mm, and field strength distribution is spreading on the outskirts 
from a core compared with drawing 12 (a). Drawing 12 (c) shows the field strength distribution 
when setting thickness of a top plate 4 to 31.6mm, and field strength distribution is distributed to 
the circumference except for a part for the core of a top plate 4, and has thickness for which 
were most suitable. Drawing 12 (d) shows the field strength distribution when setting thickness 
of a top plate 4 to 32.8mm, and, only as for the core, field strength distribution is strong. Drawing 
12 (e) shows the field strength distribution when setting thickness of a top plate 4 to 37.8mm, 
and the field strength of a core is strong. 
[0011] 

In the plasma treatment equipment shown in drawing 1 1 . since the electron density near the 
plasma front face will change if plasma conditions, such as a pressure in a chamber 1 and power 
of microwave, are made to change, the trespass depth by which the plasma invades into the 
matter changes. Since a diffusion coefficient will increase if a pressure is reduced, the electron 
density near a plasma front face falls, and trespass depth increases. Thus, since the suitable 
thickness of a dielectric will change if plasma conditions are changed, the resonance field for 
forming a standing wave will shift. For this reason, in order to generate the plasma in the always 
optimal condition, there was a problem that it was necessary to prepare the dielectric which has 
the various thickness according to plasma conditions. Moreover, the absorption efficiency of 
microwave to the plasma in the low voltage force is bad, and the generation by which the plasma 
in low voltage (20mTorr) was stabilized becomes difficult. 
[0012] 

So, the object of this invention is offering the plasma treatment equipment which can generate 
the plasma which formed the resonance field optimal in a top plate according to plasma 
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conditions, and was stabilized in the chamber covering the low pressure from the high pressure. 
[Means for Solving the Problem] 

[0013] . . . t . 

This invention is characterized by to have the antenna which contains a processed substrate, is 
arranged at opening of the upper part of the plasma generating room which generates the 
plasma, and a plasma generating room, drives by microwave, and generates electromagnetic field, 
the top plate which is formed in the lower part of an antenna, have uniform predetermined 
thickness in the direction of a field, and close opening of a plasma generating room, and taper- 
like the heights or the crevice formed in the underside side of a top plate. 
[0014] 

In this invention, by the tapeiHike part of the heights formed in the top plate, or a crevice, 
change the thickness of the direction of a path continuously, it is made to resonate by 
somewhere in every condition of the plasma, and the optimal resonance field can be formed. 
Therefore, the effectiveness same with having prepared the top plate of various thickness can 
be done so only by preparing one kind of top plate. Thereby, the absorption efficiency to the 
plasma can be raised by leaps and bounds, and generating of the plasma stabilized covering the 
low pressure from the high pressure is attained. 
[Best Mode of Carrying Out the Invention] 
[001 5] 

Preferably, the thickness of a thick thin part is chosen as lambda/4**lambda/8 for the top plate 
by heights or the crevice including the thick thin part and the thick part. 
[001 6] 

Preferably, heights or a crevice contains the protruding line formed in the underside of a top 
plate in the shape of a ring. 

100W~\ ,. . . , 

Preferably, a top plate is disc-like and two or more formation of the protruding line is carried out 
in the direction of a path in the said alignment with the core of a top plate. 
[001 8] 

Preferably, the direction thickness of a path by the side of a top plate is thicker than the 
direction thickness of a path by the side of a head, and a protruding line is formed. 
[0019] 

Preferably, heights or a crevice includes the projection of the shape of **** formed in the 

underside of a top plate. 

[0020] 

Preferably, a conic projection is formed in the main underside of a top plate. 
[0021] 

Preferably, two or more conic projections are prepared and two or more conic projections are 

arranged in the shape of a ring. 

[0022] 

Preferably, heights or a crevice contains the 1st downward protruding line formed between the 
crevice of the shape of two or more ring, and two or more ring-like crevices, and the 2nd 
downward protruding line formed in the outside of the ring-like crevice of the outermost 

periphery. 
[0023] 

Preferably, the thickness of the 2nd heights is thickly formed compared with the thickness of the 

1 st heights. 

[0024] 

Preferably, the crevice is formed in the core by the side of the antenna of a top plate, and 
different matter from the dielectric constant of a top plate is arranged in a crevice. 
[0025] 

Preferably, the depth of the crevice of a top plate is formed in the lambda/8 or more depth. 
[0026] 

Preferably, the depth of the crevice of a top plate is formed in the lambda/ 4 or more depth. 
[0027] 
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Preferably, heights are formed in the core by the side of the processed substrate of a top plate, 
and the thickness of the top plate in the circumference of heights is ** lambda/8 lambda/ 4. 
[0028] 

Preferably, a processed substrate is disc-like, and heights or a crevice is formed outside [ at 
least one ] the radius R from the core of a top plate, when the radius of a processed substrate is 
set to R. 
[0029] 

Preferably, heights or a crevice is formed inside [ at least one ] the radius D from the core of a 

top plate, when distance of a top plate and a processing substrate is set to D. 

[0030] 

Preferably, corresponding to the location of the slot on a slot plate, heights or a crevice is 

formed in a top plate including the slot plate with which the antenna was formed by distributing a 

slot on a field. 

[Example] 

[0031] 

Drawing 1 is the sectional view of the plasma treatment equipment in 1 operation gestalt of this 
invention, and drawing 2 is drawing which looked at the dielectric plate shown in drawing 1 from 
the underside. 
[0032] 

Plasma treatment equipment is equipped with the chamber 1 for holding a substrate 1 1 and 
performing predetermined processing to a substrate 1 1 like above-mentioned drawing 1 1 , and 
the antenna section 3 for emitting microwave in a chamber 1 . 
[0033] 

The microwave generated by the RF generator which is not illustrated is sent to the antenna 
section 3 by the waveguide 6. The top plate 4 which closes opening of a chamber 1 and 
constitutes some septa of a chamber 1 is arranged in the upper part of a chamber 1 , and the 
seal members 14, such as an O ring, are formed between the top plate 4 and the septum of a 
chamber 1. The antenna section 3 is arranged above this top plate 4. The cooling plate 10 with 
which a refrigerant flows is formed in the interior in the upper part of the antenna section 3. 
[0034] 

In the chamber 1 , the susceptor 7 for holding the contained substrate 1 1 is formed. The 
susceptor 7 has the heater ability for heating a substrate 1 1 . Furthermore, in order to exhaust 
the inside of a chamber 1, the vacuum pump shown in drawing 1 1 is connected to the chamber 1. 
The inside of a chamber 1 is exhausted by this vacuum pump, and for example, argon gas is 
introduced in a chamber 1 as gas for generating the plasma under a predetermined pressure 
range. 
[0035] 

With above-mentioned plasma equipment, the microwave generated by the RF generator reaches 
propagation and the antenna section 3 in a waveguide 6. The microwave which reached the 
antenna section 3 spreads slow wave plate 3b, forms a resonance field in a top plate 4 through 
slot plate 3c, generates a standing wave, and generates electromagnetic field in a chamber 1 . Of 
the electromagnetic field generated in the chamber 1, argon gas dissociates, the plasma 
production field 22 is formed between a substrate 1 1 and a top plate 4, and predetermined 
plasma treatment is performed to a substrate 11. 
[0036] 

The top plate 4 is formed in the direction of a field disc-like [ which has uniform predetermined 
thickness ], in order to oppose the force which secures reinforcement and the open air pushes, 
and heights or a crevice is formed in the underside. Predetermined spacing is separated from the 
periphery of a top plate 4 in the direction of a path as heights or a crevice, and, more 
specifically, the ring-like protruding line 41 is formed in the periphery in the said alignment with 
the core of a top plate 4. A peripheral face is vertical to the underside of a top plate 4, and inner 
skin is formed in the shape of a taper so that it may have a predetermined include angle to a top 
plate 4, and as for this protruding line 41 , the cross section forms rectangular heights or a 
rectangular crevice. Microwave is supplied to the top plate 4 from the antenna section 3, and it 
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has become a non-dense to the plasma consistency of a core being dense to form a protruding 
line 41 in the periphery of a top plate 4 by the periphery, and it is for raising the plasma 
consistency of a periphery. 
[0037] 

Drawing 3 is drawing for explaining the condition that microwave spreads the inside of a top 
plate. Although the thick thick part and the other thick thin part are contained by the protruding 
line 41, microwave stops being able to spread a top plate 4 easily due to the thick thin part of a 
top plate 4 by choosing the thickness of a thick thin part as lambda/4**lambda/8. 
[0038] 

If the reason is explained, Mode A and Mode B exist in the gestalt of the electromagnetic wave 
which passes through the inside of a top plate. Since Mode A exists if electron density becomes 
beyond a predetermined value, and Mode B exists only when electron density is comparatively 
small, when electron density is high to some extent the microwave propagation by Mode B is 
controlled. 
[0039] 

However, this is greatly dependent on top-plate thickness, and by lambda/4 or more thickness, 
the minimum of the electron density which can control propagation with Mode B will become 
high, so that it becomes thick. If it becomes lambda/2 or more, since Mode B can be existed 
without being dependent on electron density, it becomes impossible to control propagation with 
Mode B. On the contrary, the minimum of the electron density which can control propagation 
with Mode B does not change or less by lambda/4. Therefore, if the reinforcement of a top plate 
is taken into consideration, lambda/4 will become the optimal. However, if it is the range of ** 
lambda/8, propagation with Mode B can be controlled almost. 
[0040] 

Although the microwave supplied to the antenna section 3 is emitted to down from the slot of 
the antenna section 3, as shown in drawing 3 , it is reflected within a top plate 4, and it vibrates 
in the direction of a field by the repeat of the echo in a top plate 4, and it forms a resonance 
field, and turns into a standing wave. (Though it is explanation of being hard to spread in a thick 
thin part, it is illustrated so that microwave may spread in the direction of a path in drawing_3 , 
and it is thought that it is inconsistent.) Please give supplementary information. Since it is hard 
coming to come out the microwave included in the protruding line section 41 to the plasma 
production field 22, microwave becomes is easy to be accumulated in the protruding line part 41. 
Thereby, the plasma consistency of the periphery by having formed the protruding line 41 can be 
raised. Protruding line 41 part constitutes a resonance field from a periphery of a top plate 4, 
and vibrates in the direction of a path in which microwave intersects perpendicularly in the 
direction of a field of a top plate 4. 
[0041] 

Since the protruding line 41 is formed in the shape of a taper to the thing with the thick 
direction thickness of a path by the side of a top plate 4 so that the direction thickness of a 
path by the side of a head may become thin, the part whose thickness of the amplitude and 
protruding line 41 which vibrate in the direction of a path corresponds surely exists. That is, 
since a protruding line 41 constitutes a resonance field in the periphery of a top plate 4 and a 
resonance field goes up and down it automatically according to a plasma consistency, the place 
which resonates by somewhere in every condition of the plasma exists. 
[0042] 

Since the optimal resonance field for a top plate 4 can be formed by this, strong electric field are 
generated, a standing wave can be formed, a plasma consistency can be made high, and 
generating of the plasma stabilized covering the low pressure from the high pressure is attained. 
[0043] 

In addition, this protruding line 41 may form a peripheral face and inner skin side in the shape of 
a taper. Moreover, what is necessary is just to choose as arbitration the location or configuration 
which arranges a protruding line 41 according to the thickness of a top plate 4. 
[0044] 

Although the top plate formed in the shape of a dome is indicated by above-mentioned JP,2002 
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299240.A, in the case ofHike [ dome shape ], a resonance location will move greatly radially, the 
strong location of the plasma will move, and homogeneity will change. On the other hand, in this 
invention, it differs in the point that homogeneous adjustment can be performed, by collecting 
plasma a periphery or near a core a top plate 4 by the protruding line 41. 
[0045] 

Drawing 4 is the sectional view showing the modification of the heights formed in the top plate in 
other operation gestalten of this invention, the example shown in drawing 4 (a) — a top plate 4 - 
- the conic projection 42 as heights is mostly formed downward in the main lower part Since a 
resonance field can be formed in this example around the core in which the projection 42 was 
formed, the plasma consistency around a core can be made high, and when field strength is 
small, it is effective in the circumference of a core of a top plate 4. 
[0046] 

The example shown in drawing 4 (b) forms the ring-like protruding line 43 around a top plate 4, 
and forms both a peripheral face and inner skin in the shape of a taper. By forming both a 
peripheral face and inner skin in the shape of a taper, since the difference of the direction 
thickness of a path by the side of the top plate of a protruding line 43 and the direction 
thickness of a path by the side of a head can be enlarged, the resonance field formed around a 
protruding line 43 can be extended, and the plasma consistency of the circumference of it can 
be made high. 
[0047] 

Drawing 4 (c) forms the conic projection 44 which made thickness of the direction of a path 
thicker than a protruding line 41 in the core other than the protruding line 41 of a periphery 
shown in drawing 2 . In this example, while forming a resonance field in a periphery by the 
protruding line 41, even if the microwave of the bigger amplitude than the direction thickness of 
a path of a protruding line 41 is inputted by forming a resonance field in a core by projection 44, 
since a resonance field can be constituted from central projection 44, a plasma consistency can 
be made high in a core. 
[0048] 

Drawing 5 is the sectional view showing the top plate in which the crevice in the operation 
gestalt of further others of this invention was formed. The example shown in drawing 5 (a) 
establishes mostly the circular crevice 401 of a top plate 4 which placed opening upside down in 
a center section. As for the crevice 401, inner skin is formed in the shape of a taper so that the 
lower diameter of opening may become large. Heights 402 are formed in that outside of this 
crevice 401. Since a resonance field can be formed in the thick thick part of heights 402 in this 
example, the plasma consistency in this part can be made high/and it is effective when the 
electric-field consistency in the circumference part of a top plate 4 is small. 
[0049] 

Drawing 5 (b) forms the ring-like crevice 403 in the said alignment with a top plate 4. The 
peripheral face and inner skin of a crevice 403 are formed in the shape of a taper so that the 
lower diameter of opening may become large. The downward heights 404 are formed in that 
inside of this crevice 403, and a protruding line 405 is formed in that outside of it. In this 
example, since a resonance field can be formed in the thick thick parts of heights 404 and a 
protruding line 405, the plasma consistency in these parts can be made high. 
[0050] 

Drawing 5 (c) forms the ring-like crevice 407 in the circular crevice 406 of a top plate 4 which 
placed opening upside down in the center section mostly, and the outside of a crevice 406. A 
peripheral face and inner skin are formed in the shape of a taper so that the peripheral face may 
be formed in the shape of a taper so that the lower diameter of opening may become large, and, 
as for a crevice 406, the lower diameter of opening may become large like the crevice 403 of 
drawing 5 (b) as for a crevice 407. In this example, since a protruding line 408 is formed in the 
outside of a crevice 406, a protruding line 409 is formed in the outside of a crevice 407 and a 
resonance field can be formed in the thick thick part of protruding lines 408 and 409, the plasma 
consistency in these parts can be made high. 
[0051] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/08/07 



JP.2005-100931.A [DETAILED DESCRIPTION] 



7/9 <<— 5? 



Drawing 6 is the sectional view showing the modification of the crevice formed in the top plate in 
the operation gestalt of further others of this invention. This operation gestalt is replaced with 
the crevice 406 in the example shown in drawing 5 (c), and the ring-like crevice 407. and forms a 
crevice 410 and the ring-like crevice 41 1. Although it places opening of the crevices 410 and 41 1 
upside down, the peripheral face of a crevice 410 is formed the shape not of a taper but in the 
shape of radii, and the peripheral face and inner skin of a crevice 41 1 are also formed in the 
shape of radii. Therefore, the shape of radii shall also be included in the shape of [ in this 
invention ] a taper. 
[0052] 

Thus, since a protruding line 412 is formed between a crevice 410 and the ring-like crevice 411 
like drawing 5 (c) by forming so that the thickness of a top plate 4 may change in the shape of 
radii, a protruding line 413 is formed in the outside of a crevice 41 1 and a resonance field can be 
formed in these thick thick parts, the plasma consistency in these parts can be made high. 
[0053] 

In addition, as for the taper-like section formed in a top plate 4, in the operation gestalt shown in 
drawing 1 - drawing 6 , it is desirable to form outside [ at least one ] the radius R of a substrate 
1 1 , as shown in drawing 7 . The plasma consistency near the edge of a substrate 1 1 can be 
prevented from becoming low too much by this. 
[0054] 

Furthermore, more preferably, when distance between the top plates 4 and substrates 1 1 which 
were shown in drawing 7 is set to D, as for the taper-like section formed in a top plate 4. it is 
desirable to be formed inside [ at least one ] a radius D from the core of a top plate 4. The 
plasma near the core of a top plate 4 can be prevented from becoming low too much by this. 
[0055] 

Drawing 8 is the sectional view showing the modification of the crevice formed in the top plate in 
the operation gestalt of further others of this invention. The example shown in drawing 8 (a) 
forms in the core of a top plate 4 the heights 421 which project downward, and the thickness of 
the top plate 4 near the outside of these heights 421 is chosen as lambda/4**lambda/8. 
Furthermore, while forming in the outside of heights 421 the crevice 422 of the shape of a ring 
which placed opening upside down, the thick thick heights 423 which project downward are 
formed in the outside of a crevice 422, and the slot 424 of the shape of two or more ring is 
formed in an underside in the said alignment except for the periphery section of heights 423. The 
peripheral face of heights 421 and the inner skin of heights 423 are formed in the shape of a 
taper. 
[0056] 

In this example, reinforcement can be raised by having formed the thick thick heights 423 in the 
outside of a crevice 422. Moreover, it becomes easy to emit the outermost periphery in which it 
can control that that front face to the plasma is emitted by the two or more ring-like slot 424 
although the plasma consistency in these heights 423 part becomes high, an electric-field 
consistency also becomes high and it becomes easy to emit the plasma, and the slot 424 is not 
formed to the plasma. 
[0057] 

Furthermore, the crevice 425 is formed in the atmospheric-air side which is the antenna 3 side 
of a top plate 4. As for this crevice 425. it is desirable for that depth to be formed or more in 
lambda/8, and to be more preferably formed or more in lambda/4. The matter (not shown) with 
which dielectric constants differ is arranged in atmospheric air, a good conductor, or a top plate 
4 in a crevice 425. Since microwave is strongly reflected near [ crevice 425 ] the core of a top 
plate 4, this is for improving the trouble that the plasma tends to become strong in this part. If 
the thickness of the periphery of a crevice 425 is about lambda/4, the effectiveness will be 
promoted further. 
[0058] 

In addition, a crevice 425 may be formed around but [ not only the core by the side of the 

antenna 3 of a top plate 4 ]. 

[0059] 
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The example shown in drawing 8 (b) forms the heights 421 which project in the lower part of the 
core of a top plate 4. The ring-like crevice 422 where opening of the lower part was carried out 
is formed in the outside of heights 421. A protruding line 426 is formed downward in the outside 
of a crevice 422, the ring-like crevice 427 where opening of the lower part was further carried 
out to the outside of a protruding line 426 is formed, and the protruding line 428 of the shape of 
a ring which projects downward is formed in the outside of a crevice 427. Compared with heights 
421 and a protruding line 426, as for the protruding line 428 formed in the outermost periphery, 
thickness is formed thickly. Moreover, the peripheral face and inner skin of crevices 422 and 427 
are formed in the shape of a taper. 
[0060] 

In this example, the mechanical strength of a top plate 4 can be maintained by having formed the 
protruding line 426. Moreover, although a resonance field is formed by protruding lines 426 and 
428, the plasma consistency in this part can be made high compared with the plasma 
consistency of a protruding line 426 by forming thickly the thickness of protruding line 428 part 
of the outermost periphery compared with the protruding line 426. 

[0061] t 
In the example shown in drawing 8 (c), the disc-like heights 429 are formed downward in the 
center section of the top plate 4, two or more slots 430 are formed in the underside in the said 
alignment, the crevice 431 of the shape of a ring which placed opening upside down on the 
outside of heights 429 is formed, and the protruding line 432 which projects downward is formed 
in the outside of a crevice 431. Compared with heights 429. as for the protruding line 432, 
thickness is formed thickly. In this example, thickness can be thickened by the heights 429 of 
the center section of the top plate 4. and a mechanical strength can be raised. Since heights 429 
have thick thickness, the plasma becomes is hard to be emitted by forming the fang furrow 430 
to which it becomes easy to spread the plasma and a consistency becomes high. And in the 
thick thin part of a crevice 431, it is hard coming to spread the plasma and the plasma 
consistency in the protruding line 432 of the outermost periphery can be made high. In addition, 
also in this example, the crevice 425 is formed in the atmospheric-air side which is the antenna 
3 side of a top plate 4 like drawing 8 (a). 
[0062] 

As other operation gestalten of this invention, drawing 9 forms a protruding line corresponding to 
the location of the slot of a slot plate. That is, as shown in drawing 9 (a), the slots 31, 32, and 33 
arranged in the shape of a ring in Mie are formed on the concentric circle at disc-like slot plate 
3c. The microwave inputted into a waveguide 6 is emitted in a chamber 1 through the slots 31, 
32, and 33 of slot plate 3c, and electromagnetic field are generated. Therefore, the field strength 
of the part corresponding to the location of slots 31, 32, and 33 is the largest among top plates 
4. 

[0063] 

Then, as shown in drawing 9 (b), corresponding to each location of each slots 31, 32, and 33, two 
or more ring-like protruding lines 45, 46, and 47 are formed. Although these protruding lines 45, 
46, and 47 have a vertical peripheral face to the underside of a top plate 4 like the protruding 
line 41 shown in drawing 1 , and they are formed in the shape of a taper so that inner skin may 
have a predetermined include angle to a top plate 4, a peripheral face side may also be formed in 
the shape of a taper. The field strength of the part corresponding to each location of each slots 
31, 32, and 33 is strong among top plates 4, and the plasma can be made into homogeneity by 
forming a resonance field in this part. 
[0064] 

Drawing 10 is drawing which looked at the top plate in which the operation gestalt of further 
others of this invention is shown from the bottom. To having formed the ring-like protruding lines 
45, 46, and 47 corresponding to the location of each slots 31, 32, and 33 of slot plate 3c, 
corresponding to each location of each slots 31. 32, and 33, each becomes independent and the 
operation gestalt shown in above-mentioned drawing 9 (b) arranges much projections 48 of the 
shape of small **** of a path with this operation gestalt Also in this operation gestalt, 
resonance can be distributed for the strong field strength produced in each slots 31, 32, and 33 
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by much projections 48. 
[0065] 

In this invention, the thickness of a top plate 4 can generate the plasma stabilized even when the 
pressure as plasma conditions (for example, the plasma) changed to 1 - 100Torr when the 
diameter of a protruding line 41 forms [ the diameter of a top plate 4 ] projection height in 22mm 
by 220mm by 280mm f and the output of microwave changed 100-3000W in 21mm. 
[0066] 

Although 1 operation gestalt of this invention was explained with reference to the drawing, this 
invention is not limited to the illustrated operation gestalt It is possible to add various 
modification to the operation gestalt illustrated within equal limits within the same limits as this 
invention. 

[Availability on industry] 
[0067] 

The top plate 4 which closes opening of a chamber 1 in the lower part of the antenna section 3 
which drives by microwave and generates electromagnetic field is formed. It can use for the 
plasma treatment equipment which can generate the plasma stabilized covering the low pressure 
from the high pressure by forming the ring-like protruding line 41 in the underside side of a top 
plate 4, changing the thickness of the direction of a path continuously in the shape of a taper, 
and resonating it by somewhere in every condition of the plasma. 
[Brief Description of the Drawings] 
[0068] 

[Drawing 1] It is the sectional view of the plasma treatment equipment in 1 operation gestalt of 
this invention. 

[Drawing 2] It is drawing which looked at the top plate shown in drawing 1 from the underside. . 
[Drawing 3] It is drawing for explaining the condition that microwave spreads the inside of a top 
plate. 

[Drawing 4] It is the sectional view showing the modification of the heights formed in the top 
plate in other operation gestalten of this invention. 

[Drawing 5] It is the sectional view showing the crevice formed in the top plate in other 
operation gestalten of this invention. 

[Drawing 6] It is the sectional view showing the modification of the crevice formed in the top 
plate in the operation gestalt of further others of this invention. 

[Drawing 7] It is drawing for explaining the location of the top plate which forms heights or a 

crevice. m 
[Drawing 8] It is the sectional view showing the modification of the crevice formed in the top 
plate in the operation gestalt of further others of this invention. 

[Drawing 9] It is drawing showing the example in which the protruding line was formed in a top 
plate as other operation gestalten of this invention corresponding to the slot of a slot plate. 
[Drawing 10] It is drawing which looked at the top plate in which the operation gestalt of further 
others of this invention is shown from the bottom. 

[Drawing 11] It is the sectional view showing an example of conventional plasma treatment 
equipment. 

[Drawing 12] It is drawing showing the field strength distribution depending on the thickness of a 
top plate. 

[Description of Notations] 
[0069] 

1 Chamber. 3 Antenna Section, 3B Slow Wave Plate, 3C Slot Plate, 4 A top plate, 6 A waveguide, 
7 A susceptor, 10 Cooling plate, 1 1 A substrate, 22 A plasma production field, 31-33 Slot, 41, 43, 
45-47 405 408 409, 412, 413,426,428,432 Protruding line, 42, 44, 48 A projection, 401, 403, 406, 
407. 410, 411, 422,425,427,431 A crevice, 402, 404, 408, 413,421,423,429 Heights, 424,430 Slot. 
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TECHNICAL FIELD 



[Field of the Invention] 
[0001] 

Especially this invention relates to the plasma treatment equipment which generates the plasma 
in a chamber by emitting the microwave supplied to the antenna about plasma treatment 
equipment through the top plate which consists of a dielectric which closes opening in a 
chamber. 
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PRIOR ART 



[Background of the Invention] 
[0002] 

In recent years, with the densification of a semiconductor device, and detailed-izing, in the 
production process of a semiconductor device, in order to process membrane formation, etching, 
ashing, etc., plasma treatment equipment is used. With the microwave plasma treatment 
equipment made to generate the plasma especially using microwave, he can feel easy also under 
the about 0.1-10Pa conditions that a pressure is comparatively low (high vacuum), and can 
generate the plasma. Therefore, the microwave plasma treatment equipment using microwave 
with a frequency of 2.45GHz attracts attention, for example. 
[0003] 

Drawing 1 1 is the sectional view showing an example of such conventional plasma treatment 
equipment. Plasma treatment equipment is equipped with the chamber 1 for holding a substrate 
11 and performing predetermined processing to a substrate 11, RF generator 5 for generating 
microwave, and the antenna section 3 for emitting microwave in a chamber 1 in drawing 1 1 . 

[0004] . _ 

The antenna section 3 has slot plate 3c, slow wave plate 3b, and antenna covering 3a, and is 
constituted. Two or more slots (opening) for turning and emitting microwave in a chamber 1 are 
formed in slot plate 3c. The microwave generated by RF generator 5 is sent to the antenna 
section 3 by the waveguide 6. The top plate 4 which constitutes some septa of a chamber 1 is 
arranged in the upper part of a chamber 1 , and the seal members 1 4, such as an O ring, are 
formed between the top plate 4 and the septum of a chamber 1 . The antenna section 3 is 
arranged above this top plate 4. 
[0005] 

In the chamber 1, the susceptor 7 for holding the contained substrate 1 1 is formed. Furthermore, 
the vacuum pump 9 for exhausting the inside of a chamber 1 is connected to the chamber 1 . The 
inside of a chamber 1 is exhausted by this vacuum pump 9, and for example, argon gas is 
introduced in a chamber 1 as gas for generating the plasma under a predetermined pressure 
range. 
[0006] 

With above-mentioned plasma equipment, the microwave generated by RF generator 5 reaches 
propagation and the antenna section 3 in a waveguide 6. The microwave which reached the 
antenna section 3 spreads slow wave plate 3b, and is radiated on a top plate 4 through slot plate 
3c. In a top plate 4, microwave produces an oscillation in the direction of a field, is spread 
towards a periphery from a core, and generates electromagnetic field in a chamber 1. Of the 
electromagnetic field generated in the chamber 1 . argon gas dissociates, the plasma production 
field 22 is formed between a substrate 11 and a top plate 4, and predetermined plasma treatment 
is performed to a substrate 1 1 . 
[0007] 

In such plasma treatment equipment, it is necessary to irradiate [ a substrate 11 ] the plasma at 
homogeneity. However, by the core and periphery of a top plate 4, since plasma reinforcement 
differs, by forming a top plate 4 in a concave surface configuration, and making distance with the 
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periphery of a substrate 11 and a top plate 4 approach in JP.2002-299240.A. lowering of the 
plasma consistency in the periphery of a substrate 1 1 is compensated, the plasma is maintained 
also in low voltage processing, and making stable plasma treatment possible is indicated. 
[0008] 

Moreover, forming a ring-like sleeve in JP.2003-59919.A so that a plasma excitation field may 
not contact a dielectric window with the surface of metal of a direct-processing vessel wall, and 
obtaining a uniform plasma consistency on a substrate front face is indicated. 
[Patent reference 1] JP,2002-299240,A 
[Patent reference 2] JP.2003-59919.A 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 
[0009] 

Plasma equipment requires a certain amount of [ in the direction of a field J thickness as a top 
plate 4, in order to oppose the force which secures reinforcement in the chamber 1 by which the 
interior is decompressed, and the open air pushes. A resonance field is formed in a dielectric of 
microwave, strong electric field occur, a standing wave is formed [ a top plate 4 is constituted by 
the dielectric, ], electromagnetic field are produced in a chamber 1 by this standing wave, and a 
plasma consistency becomes high. There is thickness of the dielectric suitable for making a 
standing wave. 
[0010] 

Drawing 1 2 is drawing showing the field strength distribution depending on the thickness of a top 
plate Drawing 12 (a) is a part to which the part which shows field strength distribution in case 
the thickness of the direction of a field of a top plate 4 is 22.8mm, and is shown with a main 
slash is strong [ field strength ]. Drawing 1 2 (b) shows the field strength distribution when setting 
thickness of a top plate 4 to 27.8mm, and field strength distribution is spreading on the outskirts 
from a core compared with drawing 1 2 (a). Drawing 1 2 (c) shows the field strength distribution 
when setting thickness of a top plate 4 to 31 .6mm, and field strength distribution is distributed to 
the circumference except for a part for the core of a top plate 4, and has thickness for which 
were most suitable. Drawing 12 (d) shows the field strength distribution when setting thickness 
of a top plate 4 to 32.8mm, and, only as for the core, field strength distribution is strong. Drawing 
12 (e) shows the field strength distribution when setting thickness of a top plate 4 to 37.8mm. 
and the field strength of a core is strong. 

[0011] . 
In the plasma treatment equipment shown in drawing 1 1 , since the electron density near the 
plasma front face will change if plasma conditions, such as a pressure in a chamber 1 and power 
of microwave, are made to change, the trespass depth by which the plasma invades into the 
matter changes. Since a diffusion coefficient will increase if a pressure is reduced, the electron 
density near a plasma front face falls, and trespass depth increases. Thus, since the suitable 
thickness of a dielectric will change if plasma conditions are changed, the resonance field for 
forming a standing wave will shift For this reason, in order to generate the plasma in the always 
optimal condition, there was a problem that it was necessary to prepare the dielectric which has 
the various thickness according to plasma conditions. Moreover, the absorption efficiency of 
microwave to the plasma in the low voltage force is bad, and the generation by which the plasma 
in low voltage (20mTorr) was stabilized becomes difficult. 
[0012] 

So, the object of this invention is offering the plasma treatment equipment which can generate 
the plasma which formed the resonance field optimal in a top plate according to plasma 
conditions, and was stabilized in the chamber covering the low pressure from the high pressure. 
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MEANS 



[Means for Solving the Problem] 
[0013] 

This invention is characterized by to have the antenna which contains a processed substrate, is 
arranged at opening of the upper part of the plasma generating room which generates the 
plasma, and a plasma generating room, drives by microwave, and generates electromagnetic field, 
the top plate which is formed in the lower part of an antenna, have uniform predetermined 
thickness in the direction of a field, and close opening of a plasma generating room, and taper- 
like the heights or the crevice formed in the underside side of a top plate. 
[0014] 

In this invention, by the tapeiHike part of the heights formed in the top plate, or a crevice, 
change the thickness of the direction of a path continuously, it is made to resonate by 
somewhere in every condition of the plasma, and the optimal resonance field can be formed. 
Therefore, the effectiveness same with having prepared the top plate of various thickness can 
be done so only by preparing one kind of top plate. Thereby, the absorption efficiency to the 
plasma can be raised by leaps and bounds, and generating of the plasma stabilized covering the 
low pressure from the high pressure is attained. 
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EXAMPLE 

[Example] 
[0031] 

Drawing 1 is the sectional view of the plasma treatment equipment in 1 operation gestalt of this 
invention, and drawing 2 is drawing which looked at the dielectric plate shown in drawingj. from 
the underside. 
[0032] 

Plasma treatment equipment is equipped with the chamber 1 for holding a substrate 1 1 and 
performing predetermined processing to a substrate 1 1 like above-mentioned drawing 1 1 , and 
the antenna section 3 for emitting microwave in a chamber 1 . 
[0033] 

The microwave generated by the RF generator which is not illustrated is sent to the antenna 
section 3 by the waveguide 6. The top plate 4 which closes opening of a chamber 1 and 
constitutes some septa of a chamber 1 is arranged in the upper part of a chamber 1 , and the 
seal members 14, such as an O ring, are formed between the top plate 4 and the septum of a 
chamber 1. The antenna section 3 is arranged above this top plate 4. The cooling plate 10 with 
which a refrigerant flows is formed in the interior in the upper part of the antenna section 3. 
[0034] 

In the chamber 1, the susceptor 7 for holding the contained substrate 1 1 is formed. The 
susceptor 7 has the heater ability for heating a substrate 11. Furthermore, in order to exhaust 
the inside of a chamber 1, the vacuum pump shown in drawing 1 1 is connected to the chamber 1. 
The inside of a chamber 1 is exhausted by this vacuum pump, and for example, argon gas is 
introduced in a chamber 1 as gas for generating the plasma under a predetermined pressure 
range. 
[0035] 

With above-mentioned plasma equipment, the microwave generated by the RF generator reaches 
propagation and the antenna section 3 in a waveguide 6. The microwave which reached the 
antenna section 3 spreads slow wave plate 3b, forms a resonance field in a top plate 4 through 
slot plate 3c, generates a standing wave, and generates electromagnetic field in a chamber 1. Of 
the electromagnetic field generated in the chamber 1, argon gas dissociates, the plasma 
production field 22 is formed between a substrate 11 and a top plate 4, and predetermined 
plasma treatment is performed to a substrate 1 1 . 
[0036] 

The top plate 4 is formed in the direction of a field disc-like [ which has uniform predetermined 
thickness ], in order to oppose the force which secures reinforcement and the open air pushes, 
and heights or a crevice is formed in the underside. Predetermined spacing is separated from the 
periphery of a top plate 4 in the direction of a path as heights or a crevice, and, more 
specifically, the ring-like protruding line 41 is formed in the periphery in the said alignment with 
the core of a top plate 4. A peripheral face is vertical to the underside of a top plate 4, and inner 
skin is formed in the shape of a taper so that it may have a predetermined include angle to a top 
plate 4, and as for this protruding line 41, the cross section forms rectangular heights or a 
rectangular crevice. Microwave is supplied to the top plate 4 from the antenna section 3, and it 
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has become a non-dense to the plasma consistency of a core being dense to form a protruding 
line 41 in the periphery of a top plate 4 by the periphery, and it is for raising the plasma 
consistency of a periphery. 
[0037] 

Drawing 3 is drawing for explaining the condition that microwave spreads the inside of a top 
plate. Although the thick thick part and the other thick thin part are contained by the protruding 
line 41, microwave stops being able to spread a top plate 4 easily due to the thick thin part of a 
top plate 4 by choosing the thickness of a thick thin part as lambda/4**lambda/8. 
[0038] 

If the reason is explained, Mode A and Mode B exist in the gestalt of the electromagnetic wave 
which passes through the inside of a top plate. Since Mode A exists if electron density becomes 
beyond a predetermined value, and Mode B exists only when electron density is comparatively 
small, when electron density is high to some extent, the microwave propagation by Mode B is 
controlled. 
[0039] 

However, this is greatly dependent on top-plate thickness, and by lambda/4 or more thickness, 
the minimum of the electron density which can control propagation with Mode B will become 
high, so that it becomes thick. If it becomes lambda/2 or more, since Mode B can be existed 
without being dependent on electron density, it becomes impossible to control propagation with 
Mode B. On the contrary, the minimum of the electron density which can control propagation 
with Mode B does not change or less by lambda/4. Therefore, if the reinforcement of a top plate 
is taken into consideration, lambda/4 will become the optimal. However, if it is the range of ** 
lambda/8, propagation with Mode B can be controlled almost. 
[0040] 

Although the microwave supplied to the antenna section 3 is emitted to down from the slot of 
the antenna section 3, as shown in drawing 3 , it is reflected within a top plate 4, and it vibrates 
in the direction of a field by the repeat of the echo in a top plate 4, and it forms a resonance 
field, and turns into a standing wave. (Though it is explanation of being hard to spread in a thick 
thin part, it is illustrated so that microwave may spread in the direction of a path in drawing 3 , 
and it is thought that it is inconsistent.) Please give supplementary information. Since it is hard 
coming to come out the microwave included in the protruding line section 41 to the plasma 
production field 22, microwave becomes is easy to be accumulated in the protruding line part 41. 
Thereby, the plasma consistency of the periphery by having formed the protruding line 41 can be 
raised. Protruding line 41 part constitutes a resonance field from a periphery of a top plate 4, 
and vibrates in the direction of a path in which microwave intersects perpendicularly in the 
direction of a field of a top plate 4. 
[0041] 

Since the protruding line 41 is formed in the shape of a taper to the thing with the thick 
direction thickness of a path by the side of a top plate 4 so that the direction thickness of a 
path by the side of a head may become thin, the part whose thickness of the amplitude and 
protruding line 41 which vibrate in the direction of a path corresponds surely exists. That is, 
since a protruding line 41 constitutes a resonance field in the periphery of a top plate 4 and a 
resonance field goes up and down it automatically according to a plasma consistency, the place 
which resonates by somewhere in every condition of the plasma exists. 
[0042] 

Since the optimal resonance field for a top plate 4 can be formed by this, strong electric field are 
generated, a standing wave can be formed, a plasma consistency can be made high, and 
generating of the plasma stabilized covering the low pressure from the high pressure is attained. 
[0043] 

In addition, this protruding line 41 may form a peripheral face and inner skin side in the shape of 
a taper. Moreover, what is necessary is just to choose as arbitration the location or configuration 
which arranges a protruding line 41 according to the thickness of a top plate 4. 
[0044] 

Although the top plate formed in the shape of a dome is indicated by above-mentioned JP,2002- 
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299240A in the case ofHike [ dome shape ], a resonance location will move greatly radially, the 
strong location of the plasma will move, and homogeneity will change. On the other hand, in this 
invention, it differs in the point that homogeneous adjustment can be performed, by collecting 
plasma a periphery or near a core a top plate 4 by the protruding line 41. 
[0045] 

Drawing 4 is the sectional view showing the modification of the heights formed in the top plate in 
other operation gestalten of this invention, the example shown in drawing 4 (a) — a top plate 4 - 
- the conic projection 42 as heights is mostly formed downward in the main lower part. Since a 
resonance field can be formed in this example around the core in which the projection 42 was 
formed, the plasma consistency around a core can be made high, and when field strength is 
small, it is effective in the circumference of a core of a top plate 4. 
[0046] 

The example shown in drawing 4 (b) forms the ring-like protruding line 43 around a top plate 4, 
and forms both a peripheral face and inner skin in the shape of a taper. By forming both a 
peripheral face and inner skin in the shape of a taper, since the difference of the direction 
thickness of a path by the side of the top plate of a protruding line 43 and the direction 
thickness of a path by the side of a head can be enlarged, the resonance field formed around a 
protruding line 43 can be extended, and the plasma consistency of the circumference of it can 
be made high. 
[0047] 

Drawing 4 (c) forms the conic projection 44 which made thickness of the direction of a path 
thicker than a protruding line 41 in the core other than the protruding line 41 of a periphery 
shown in drawing 2 . In this example, while forming a resonance field in a periphery by the 
protruding line 41, even if the microwave of the bigger amplitude than the direction thickness of 
a path of a protruding line 41 is inputted by forming a resonance field in a core by projection 44, 
since a resonance field can be constituted from central projection 44, a plasma consistency can 
be made high in a core. 
[0048] 

Drawing 5 is the sectional view showing the top plate in which the crevice in the operation 
gestalt of further others of this invention was formed. The example shown in drawing 5 (a) 
establishes mostly the circular crevice 401 of a top plate 4 which placed opening upside down in 
a center section. As for the crevice 401, inner skin is formed in the shape of a taper so that the 
lower diameter of opening may become large. Heights 402 are formed in that outside of this 
crevice 401. Since a resonance field can be formed in the thick thick part of heights 402 in this 
example, the plasma consistency in this part can be made high, and it is effective when the 
electric-field consistency in the circumference part of a top plate 4 is small. 
[0049] 

Drawing 5 (b) forms the ring-like crevice 403 in the said alignment with a top plate 4. The 
peripheral face and inner skin of a crevice 403 are formed in the shape of a taper so that the 
lower diameter of opening may become large. The downward heights 404 are formed in that 
inside of this crevice 403, and a protruding line 405 is formed in that outside of it. In this 
example, since a resonance field can be formed in the thick thick parts of heights 404 and a 
protruding line 405, the plasma consistency in these parts can be made high. 
[0050] 

Drawing 5 (c) forms the ring-like crevice 407 in the circular crevice 406 of a top plate 4 which 
placed opening upside down in the center section mostly, and the outside of a crevice 406. A 
peripheral face and inner skin are formed in the shape of a taper so that the peripheral face may 
be formed in the shape of a taper so that the lower diameter of opening may become large, and, 
as for a crevice 406, the lower diameter of opening may become large like the crevice 403 of 
drawing 5 (b) as for a crevice 407. In this example, since a protruding line 408 is formed in the 
outside of a crevice 406, a protruding line 409 is formed in the outside of a crevice 407 and a 
resonance field can be formed in the thick thick part of protruding lines 408 and 409, the plasma 
consistency in these parts can be made high. 
[0051] 
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Drawing 6 is the sectional view showing the modification of the crevice formed in the top plate in 
the operation gestalt of further others of this invention. This operation gestalt is replaced with 
the crevice 406 in the example shown in drawing 5 (c), and the ring-like crevice 407, and forms a 
crevice 410 and the ring-like crevice 41 1. Although it places opening of the crevices 410 and 41 1 
upside down, the peripheral face of a crevice 410 is formed the shape not of a taper but in the 
shape of radii, and the peripheral face and inner skin of a crevice 41 1 are also formed in the 
shape of radii. Therefore, the shape of radii shall also be included in the shape of [ in this 
invention ] a taper. 

[0052] . ,., . _„< 

Thus, since a protruding line 412 is formed between a crevice 410 and the ring-like crevice 41 1 
like drawing 5 (c) by forming so that the thickness of a top plate 4 may change in the shape of 
radii, a protruding line 413 is formed in the outside of a crevice 41 1 and a resonance field can be 
formed in these thick thick parts, the plasma consistency in these parts can be made high. 

[0053] , u 

In addition, as for the taper-like section formed in a top plate 4. in the operation gestalt shown in 

drawing 1 - drawing 6 , it is desirable to form outside [ at least one ] the radius R of a substrate 

1 1 , as shown in drawing 7 . The plasma consistency near the edge of a substrate 1 1 can be 

prevented from becoming low too much by this. 

[0054] 

Furthermore, more preferably, when distance between the top plates 4 and substrates 1 1 which 
were shown in drawing 7 is set to D, as for the taper-like section formed in a top plate 4. it is 
desirable to be formed inside [ at least one ] a radius D from the core of a top plate 4. The 
plasma near the core of a top plate 4 can be prevented from becoming low too much by this. 
[0055] 

Drawing 8 is the sectional view showing the modification of the crevice formed in the top plate in 
the operation gestalt of further others of this invention. The example shown in drawing 8 (a) 
forms in the core of a top plate 4 the heights 421 which project downward, and the thickness of 
the top plate 4 near the outside of these heights 421 is chosen as lambda/4**lambda/8. 
Furthermore, while forming in the outside of heights 421 the crevice 422 of the shape of a ring 
which placed opening upside down, the thick thick heights 423 which project downward are 
formed in the outside of a crevice 422. and the slot 424 of the shape of two or more ring is 
formed in an underside in the said alignment except for the periphery section of heights 423. The 
peripheral face of heights 421 and the inner skin of heights 423 are formed in the shape of a 

taper. 
[0056] 

In this example, reinforcement can be raised by having formed the thick thick heights 423 in the 
outside of a crevice 422. Moreover, it becomes easy to emit the outermost periphery in which it 
can control that that front face to the plasma is emitted by the two or more ring-like slot 424 
although the plasma consistency in these heights 423 part becomes high, an electric-field 
consistency also becomes high and it becomes easy to emit the plasma, and the slot 424 is not 
formed to the plasma. 
[0057] 

Furthermore, the crevice 425 is formed in the atmospheric-air side which is the antenna 3 side 
of a top plate 4. As for this crevice 425, it is desirable for that depth to be formed or more in 
lambda/8, and to be more preferably formed or more in lambda/4. The matter (not shown) with 
which dielectric constants differ is arranged in atmospheric air. a good conductor, or a top plate 
4 in a crevice 425. Since microwave is strongly reflected near [ crevice 425 ] the core of a top 
plate 4, this is for improving the trouble that the plasma tends to become strong in this part If 
the thickness of the periphery of a crevice 425 is about lambda/4, the effectiveness will be 
promoted further. 
[0058] 

In addition, a crevice 425 may be formed around but [ not only the core by the side of the 

antenna 3 of a top plate 4 ]. 

[0059] 
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The example shown in drawing 8 (b) forms the heights 421 which project in the lower part of the 
core of a top plate 4. The ring-like crevice 422 where opening of the lower part was earned out 
is formed in the outside of heights 421. A protruding line 426 is formed downward in the outside 
of a crevice 422, the ring-like crevice 427 where opening of the lower part was further carried 
out to the outside of a protruding line 426 is formed, and the protruding line 428 of the shape of 
a ring which projects downward is formed in the outside of a crevice 427. Compared with heights 
421 and a protruding line 426, as for the protruding line 428 formed in the outermost periphery, 
thickness is formed thickly. Moreover, the peripheral face and inner skin of crevices 422 and 427 
are formed in the shape of a taper. 
[0060] 

In this example, the mechanical strength of a top plate 4 can be maintained by having formed the 
protruding line 426. Moreover, although a resonance field is formed by protruding lines 426 and 
428, the plasma consistency in this part can be made high compared with the plasma 
consistency of a protruding line 426 by forming thickly the thickness of protruding line 428 part 
of the outermost periphery compared with the protruding line 426. 
[0061] 

In the example shown in drawing 8 (c). the disc-like heights 429 are formed downward in the 
center section of the top plate 4, two or more slots 430 are formed in the underside in the said 
alignment the crevice 431 of the shape of a ring which placed opening upside down on the 
outside of heights 429 is formed, and the protruding line 432 which projects downward is formed 
in the outside of a crevice 431. Compared with heights 429, as for the protruding line 432, 
thickness is formed thickly. In this example, thickness can be thickened by the heights 429 of 
the center section of the top plate 4, and a mechanical strength can be raised. Since heights 429 
have thick thickness, the plasma becomes is hard to be emitted by forming the fang furrow 430 
to which it becomes easy to spread the plasma and a consistency becomes high. And in the 
thick thin part of a crevice 431 , it is hard coming to spread the plasma and the plasma 
consistency in the protruding line 432 of the outermost periphery can be made high. In addition, 
also in this example, the crevice 425 is formed in the atmospheric-air side which is the antenna 
3 side of a top plate 4 like drawing 8 (a). 

[0062] j . ,. .. # 

As other operation gestalten of this invention, drawing 9 forms a protruding line corresponding to 
the location of the slot of a slot plate. That is, as shown in drawing 9 (a), the slots 31, 32, and 33 
arranged in the shape of a ring in Mie are formed on the concentric circle at disc-like slot plate 
3c. The microwave inputted into a waveguide 6 is emitted in a chamber 1 through the slots 31 , 
32 and 33 of slot plate 3c. and electromagnetic field are generated. Therefore, the field strength 
of the part corresponding to the location of slots 31. 32, and 33 is the largest among top plates 
4. 

[0063] 

Then as shown in drawing 9 (b), corresponding to each location of each slots 31, 32, and 33. two 
or more ring-like protruding lines 45. 46, and 47 are formed. Although these protruding lines 45, 
46, and 47 have a vertical peripheral face to the underside of a top plate 4 like the protruding 
line 41 shown in drawing 1 . and they are formed in the shape of a taper so that inner skin may 
have a predetermined include angle to a top plate 4, a peripheral face side may also be formed in 
the shape of a taper. The field strength of the part corresponding to each location of each slots 
31. 32, and 33 is strong among top plates 4, and the plasma can be made into homogeneity by 
forming a resonance field in this part. 
[0064] 

Drawing 10 is drawing which looked at the top plate in which the operation gestalt of further 
others of this invention is shown from the bottom. To having formed the ring-like protruding lines 
45 46, and 47 corresponding to the location of each slots 31 , 32. and 33 of slot plate 3c. 
corresponding to each location of each slots 31, 32, and 33, each becomes independent and the 
operation gestalt shown in above-mentioned drawing 9 (b) arranges much projections 48 of the 
shape of small **** of a path with this operation gestalt. Also in this operation gestalt 
resonance can be distributed for the strong field strength produced in each slots 31, 32, and 33 
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by much projections 48. 
[0065] 

In this invention, the thickness of a top plate 4 can generate the plasma stabilized even when the 
pressure as plasma conditions (for example, the plasma) changed to 1 - 100Torr when the 
diameter of a protruding line 41 forms [ the diameter of a top plate 4 ] projection height in 22mm 
by 220mm by 280mm. and the output of microwave changed 100-3000W in 21mm. 
[0066] 

Although 1 operation gestalt of this invention was explained with reference to the drawing, this 
invention is not limited to the illustrated operation gestalt It is possible to add various 
modification to the operation gestalt illustrated within equal limits within the same limits as this 
invention. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0068] 

[Drawing 1] It is the sectional view of the plasma treatment equipment in 1 operation gestalt of 
this invention. 

[Drawing 2] It is drawing which looked at the top plate shown in drawing 1 from the underside. . 
[Drawing 3] It is drawing for explaining the condition that microwave spreads the inside of a top 
plate. 

[Drawing 4] It is the sectional view showing the modification of the heights formed in the top 
plate in other operation gestalten of this invention. 

[Drawing 5] It is the sectional view showing the crevice formed in the top plate in other 
operation gestalten of this invention. 

[Drawing 6] It is the sectional view showing the modification of the crevice formed in the top 
plate in the operation gestalt of further others of this invention. 

[Drawing 7] It is drawing for explaining the location of the top plate which forms heights or a 
crevice. 

[Drawing 8] It is the sectional view showing the modification of the crevice formed in the top 
plate in the operation gestalt of further others of this invention. 

[Drawing 9] It is drawing showing the example in which the protruding line was formed in a top 
plate as other operation gestalten of this invention corresponding to the slot of a slot plate. 
[Drawing 10] It is drawing which looked at the top plate in which the operation gestalt of further 
others of this invention is shown from the bottom. 

[Drawing 1 1] It is the sectional view showing an example of conventional plasma treatment 
equipment. 

[Drawing 1 2] It is drawing showing the field strength distribution depending on the thickness of a 
top plate. 
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3=4 1 £BJ£1"£?m> 3C*4tliT>7 ! '^»3*»?)^>f ^njftj6«ttj|&S*LT*>), 4"^ 

7 X vSgg Sr ^ * #>-C& <5> o 
[0 0 3 7] 

12 3 fi55«l*j£v^ ^n«j&*f£jt-r*^S*SiW-r*^:«!>«7)BI-e*4o 35«4 1*^*4 
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eiUK < <'**. 

[0 0 3 8] 
[0 0 3 9 ] 

3tfJK fc-{fc£*-f ic-t— FB **fiF^E-T & i t ^"C 8 £ & <t 9 K & & <7> T% t-KB -Cc^fcjf it 
WfflXS* < iJtlc, A/4mT-efi. FB-e<0<K»«r«HW"C**m-7-*a£<^T 

R&ttg*? Lfci'o-C, ^#03BJK 4 t A/4***J8i:**o fc/iU ± 

[0 0 4 0 ] 

ft4ri*. H3 H^-T i -5 t%*4 rtTRItSftx ^■*L*^*4rt<^RIt^»«)igfCffi^' 

V) ***t>ia 3 K*3V*T-v>f * ni«[56*S^lRHCfK»-ri i 3 £12*5$ ft"CU 19 , it 
4 v» J: ? KJEfc*ti-i- 0 *JE.3iWT?^ 0 ) £&SM 1 *:-?-f * um±7 

?X^fkl&m&2 2 K c7>-e, ^*SB#4 1 Kv-f * njfc*<*»3 fc* 
o dftK«J:*K ^4 l £BJftLfc£fcUJ:4Sa&o:/9Xva&af*S5i&4C:i:a*-e£ 
*o lft#l;m«4 0JSi&S&^#««*£*JftU 7^^nt^«4 0i^t: 

[0 0 4 1 ] 

ff^W-f^PfiEl-So l - **^, 3§*4 1 li%«4<0jaa8BK*««tt*«JifcU 

7* 7 HIS CT g l&at) JLTi" 4 <7>T- , ^7X7© Jr^^ft Ci^t'bfi 0» 

-e*«-r 4ti4 j&«#as-r 4 o 

[0 0 4 2 ] 
[0 0 4 3] 
[0 0 4 4] 

m&<0#li§ 2002-29924 0-f-2r*ftfcli* F- AtfcKBlft LfcXfteo^tE* 
3ftTv*4**, F-ABtto*^tt*S»jtf* s ¥g#fflfc*§ <»1&U 7*7X7^ 
mWribmW}L> iitCiJo ^m:MLT, d<0^-Cfi^4 

[0 0 4 5] 

So H4 (a) H*Lfc«li, ^«4 0«lJ4M>OTSPfci!]igPi: Lt(?)Rft^4 2 

w«^7'7X7iii^i<Ti, K«4o+^susa-^m# 



(8) 
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[0 0 4 6 ] 

(24 (b) {Z7jkLtzmtiX&.4<7>m53.KV >?Vt<D&4k4 3 £5£J&U WgffiJsitft*] 

<DX, &0k4 3 0JSfflt»Ji8:^*t4*S^«*&»f4ii:* s -Cg. fW^^yX?^ 
< TiSo 
[0 0 4 7 ] 

m 4 (c) \tm2K^Ltzmm^<D^4 i<^mK, ^^K^n<Dm-^^^4 1 

X *) <b!¥< L£RiM£o^i£§4 4 £?£j£L*: *>tf)-e&&o i<^^!lTMi, ^3=4 1 Ciot 

4 4 -c*M*£fllJS;-e£ J^tW^tT'yX v***fls <tH» 
[0 0 4 8 ] 

o 115 (a) H35*Lfc«tt, ^«4(75{5l?4 3 ^^TrRj#^|iP$tL^P3^C0[H]^4 0 1 
&&\ftzii<D-C$>& 0 GflBM 0 1 liTaS^HPg**^:^ < "5 KF*]Jg®#x-^tfcK 

3^JS$itT^*o i«Hg|5 4 0 lCi^ ^<7>WDK 4 0 2 *<JBj£$ *t& 0 dO^fl 

[0 0 4 9 ] 

12 5 (b) {i5c#U tlfJ^ftK 'J >^t>c<^IHlfB4 0 3 <b ?>-C*>&o E1S&4 0 3 

o^liiis J: tresis JiTaJ^MPg*'^:^ < & fc-r-^tfcfc^JfcS *iT «/»'*<> £ 
OKI SB 4 0 3 I* <£ *} , -e<^rtflHcttTI^§0£hSP4 0 4**^Bfc?*tx Zr<7>W-UKit&4k4 
o 5**5^Bfc?it* 0 cowi-eii. Q^4 0 4 i:^£:4 0 5 

[0 0 5 0] 

125 (c) Ji5c«4 <7>l5t3r+*gBKTl6j£ KH§P3*LfcRB?>K]g&4 0 6 t, K12B4 0 
6 K V > ^tfctf) G3SB 4 0 7 i:£^j£Lrf:<bc7>-e<&>&o Mf&4 0 6 liT^ilPS* 5 

<&&<fc d K.nmmt>*-f—'*fcK-&&2tLX £ «K D3SB4 0 7 12 IB 5 (b) OKI SB 4 
0 3 ^IULT, ^J§Bi3«fc tfflJ§B»iTg&o|gpSa s :*:£ < *4 «t 3 Kf-^K 

)S$ftTV»4o ^^^!)-efi> K12&4 0 6 «!>*M>fc** 4 0 8 **3&Jifc3 *L> K1S&4 0 7 0*1- 
ffii:^4 0 9«J&S*i> §£&4 0 8 t 4 0 9 <o^J¥<ol¥v^5"C*ig«J«4:BjS"C§ 

[0 0 5 1 ] 

HT*4o i©**»!8li, H5 (c) fcjj*Lfc«fcfc»t*IH]SM 0 6 £ U >^OD3SB 
4 0 7 Kftx.T> CSglU lOt'J >^ttOC3fS4 1 1 t ZfcWLLtz i><V~?$>& 0 KlfflU 1 
0 t 4 1 1 fiTlRl^ CHPHTKi^ C3SB4 1 0 0*Ui ® li ■? - fi < R5Htf£ 

[0 0 5 2] 

z\<»±iKKfa4<nwfrtwwfcK&itt&£oKi&$L-r2>z-t~?m5 (c) tmm~ 

LT, KJS&4 1 0£ Jtf'J ^#tOKJg&4 1 1©HI:**4 1 2 HSU 1 1 

Z.tit><DUfrX<D X 7 X ft < ^> 0 

[0 0 5 3] 

IB 1 -Me ^TFLtz^m&WiK&^X, XM4 fcJ&Jft-rfcr-'TOIBMt, 127 H 



C9) 
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[0 0 5 4] 

fc-ZtlX^&cntfMi L^o ZtlK* *)> ^#4<0 + ^fi<&:/9XvaqiJ£fc:te<*e> 
[0 0 5 5 ] 

@-F**o El 8 (a) H*Lfc«»i, ^*4<?>+^SRMTI^S»-^ffi'r40aS4 2 1 £B 
j£U 2 1 <D$\-Mtt&<nJifo4 <75J¥<*fi A /4 ± A / 8 KS{f*lTi/>& <> ? ^ 

k> asm 2 1 c75^nitc(±. TfoifcHnsitfcy >y&.<DW&4 2 2 *^ia-r* 1 1 *> 

CD^JS 4 2 2 O^Ufflt:, TIrJ § K^m-T& l*3J?<0]¥v>£b§& 4 2 3 £ff£fi£L. 4 2 3 
0^fl«5*Btv>TTlHnra'C.''fl9C«Jk«>y >^tt«>*4 2 4 $:Mt4o £bSG4 2 1 <7>*1- 

[0 0 5 6 ] 

i^J-CJi, HSB4 2 2 onttfc-fcJPoJP^iHSM 2 3 £f£j£ L £ £ <t K 
WitA s -elJo £tz, z<7){h$$4 2 sf&fr-ccoXvXv^jg^is < & ») mi?-** » 

79X^*<Jftlt3it4<7>*8llM-C^ ft 4 2 4^^$*tTV^V>^jl^^<bX9X-v 
[0 0 5 7 ] 

S<bK, ^4<75T>7 v ^-3fi9-e*-i 3 ^ill^«±[a^4 2 5* s Bgfe$tLTV^ 0 dOEO 
§B4 2 5fi> *<*>*3:0«A/8&Jtfc^«?:ftTi3»K «t L< liA/4tl±t:i)S 

?iii^«ffiU>, 0flg&4 2 5 M#'bL< J±5C*4 ttt^m^o**** 

g (1255**1*) ^BBS^tLSo itUi-r^f * natj&«3C«4 O+'kS&<*)0SSM 2 sttfi-cai 

l«>-CJfe*o G3gR4 2 5<^JaafBW«ff* 1 A/4 2#-e**t»dT, 3 ^H^^^ttftSit 

& o 

[0 0 5 8 ] 

£J=, ESP 4 2 5 {iX^4<7?T>T-^3fi904 3 ^^|51jbTjSia^^Eg;LT^ J:v^ 0 
[0 0 5 9 ] 

H8 (b) fciSLfcWtt, 3^*4 o*^OTSBfc^ttJl-*£lS&4 2 GSB 
4 2 lonfflKTaWRPStt*:'; >- X#CO[H]S& 4 2 2£3fcj£U B^4 2 2<75*Ml|K^ 
^4 2 6 £T|6]§«E£L. 3 5>fc£*4 2 6 <*>^tt fcTSW*H P * ftfc U 
4 2 7£B)&U C33S 4 2 7 Ofl-lfflfcTlRl § fc^tB-T* 'J >^tfc<Z>^*4 2 8 *3&j£Lfc 
4 o ft^a»-3^J!ft$*lfc^*4 2 8 l±ASB4 2 1 j3 Jrtf^*4 2 6 tCit^T^P 
/W¥<MS*ltv>£o G3§B4 2 2 & 2 7 <DW-ffiM& J: tfrtJBlHtt-f 

[0 0 6 0 ] 

*. 4*:, £*426fc428fc tia^> ^4 2 6 KJfc^TS^Ja 

<7)gS&4 2 8^<75^)?*W<^$tLT^ac: tic J: J) , i^^7 , 7X7fK«: 
§£3=4 2 6<*>7^XvS?JKfcJfc'<TS5<-e£*o 
[0 0 6 1 ] 

118(c) K.?jSLfcW-CWU X*UW+*»fcTfaSfcn«R«>ei»4 2 9 *ML. 
^T®KP^l>fi<JK ; g&<7>?f 4 3 0 £BJ£U db#P4 2 9 O^fl KTft £ K 13 P 3 titz U 

>;m<7>[H]SM 3 1 fc^&u cn§&4 3 i onm^TiRi^ K^aj-ra^*4 3 2 S:iiL 

fcfc *o ^*4 3 2 ttfiifflU 2 9 HJt^T^I)?* s J?<B)^3ttT^a 0 CO^JTfi 
. X«4 <G*&8&<*>CiSB4 2 9 >9 I*IJ¥£J?< LtWStt^^feSit^lio 
£bgp 4 2 9 \tmmi) s m^t:)b7y X-?rffcffiL*>-r < & "9 , * 4 **» 4 3 Ori* 
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-e#& 0 fcis, :o«i:sv>t(), ms (a) tisntiat, k«4<&t>t-*- 3fig-e& 

[0 0 6 2 ] 

llU^tWotifc^la (a) K^-T J 9fcra«tfc<*>*ny h«3 c 
ifl±t:Ei{:r/^:^J?4ttxn>n 3 1, 3 2, 3 3 $ *IT v»a 0 S?£ 
S6UA*Ui^^nftli, ^n«;HS3cO^Of F 3 1, 3 2, 3 3 $:^LTf 

, 3 2, 3 SOttftKttjfc^S&attJlttfeWftfe^i < 4oTV>4, 
[0 0 6 3 ] 

fit, [H9 (b) ^ti^C^n? h 3 1, 3 2, 3 3 LT U > 

^SS^*4 5, 4 6, 4 7^*$it4o i*lt>0**4 5, 4 6, 4 7 lt 1 
lC*Lfc**4 1 t ^HC Lt^Jii^«4 OTffiCM LTiit*^ >) , rtJHB*«55 

ttMMl'C'biWo ^«4«)H^oy> 3 1, 3 2, 3 3<^##SK*i-js-r&g&# 

[0 0 6 4 ] 

mi o \±z<d&w<v2 h\-®<omt&j&M*^^fc*Tfrt>&tzm-?&2>o ataxia 9 

(b) C^L^ftllli, ^n?M3cWD-^ 3 1, 3 2, 3 3 Ottlt^lS 
LT'J>^tt«**4 5, 4 6, 4 7 ^^L^cO^^LT, Cl<^*ifiMt?li> 
?h 3 1 , 3 2, 3 3 ©^ttH^WJS LT-€-*L'€ , 4 v L*«»itL*»og^S*n«tt«)^36 
4 8^»KlLfc'{)^**o i^*jeSi:^Tt, ^nyb3 1, 3 2, 3 3 

[0 0 6 5 ] 

##^Ki3V>-C, Xf4 0f?i s 2 1mm^ ^S4(^li* s 2 8 Ommt, 4 
l«^2 2 0mm-e^?*2 2rami:MLfc^, yyXvMtLT^ fll 
z_l£y'9X-?<DJ£t)fr 1 - 1 0 0 T o r r K^ffcU ? u fo<V Sit) 1 0 0 - 3 0 0 

[0 0 6 6 ] 

L £ & t-M LTftA <£> gE M £ JO x. & £ t awffi & o 

[m^±<7)fiifflpr«] 

[0 0 6 7 ] 

^^^n^{i«to"C^i&$4 v Lrma#«:^-raT>-r^^3<^Tgl5^^^>'^- 1<7> 
[0 0 6 8 ] 

[in i ] z<o&w<o—&i&j&&\z3s\t&7?x^%mmw.<DiB(mm'?*>*>o 

[HI2] S 1 ^Lfc5^**TiB^f>MfcH'C2fe*o • 

[13] 55*1*3*"^ 9 nafe**e#-r*t»tS*SiWi"4fc*^BI-C*4o 

[@4] Cl^^^^^^iS^ig^^^^X^tcf^L^di^^B^J^^TifBIl^^ 
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03 "Tr<$> o 

[HI 2] X«<7?)¥*{c^#T^m#5^^^*i"ll^*^o 

[^COfft^] 

[0 0 6 9 ] 

1 3 7>x^f&> 3 b iSSt^ 3 c J*n-yh^ 4 6 

7 t-ty^, 10 ^iPT/l— K 11 2 2 T'vXv^Bgia^ 3 

1-33 ^o-;K 41, 43, 45-47, 405, 408, 409, 412, 41 
3, 426, 428, 432 &3k. 4 2, 4 4, 4 8 401, 403, 406 

, 407, 410, 411, 422, 425, 427, 431 GDgB, 4 0 2, 4 0 4, 
408, 413, 421, 423, 429 4 2 4,4 3 0 ?#o 




(13) 
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[H12] 



w r in 3-« 

(a) | ^ ~1~ 4 



